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FREE RADICAL FORMATION IN THE SKIN FOLLOWING EXPOSURE TO
ULTRAVIOLET LIGHT*
ARTHUR L. NORINS, M.D.
Recent interest in abnormal responses of the
skin to irradiation has stimulated investigation
into the mechanisms of these reactions. A further
stimulus has been the surging interest in photo-
biology shown in other scientific fields. Attempts
are now being made to define the reactions which
link initial exposure to the observed response. In
the study of photosynthesis many of these inter-
mediate reactions have been defined (1). In this
study, interest is focused on the period during
and just following the absorption of light.
Ultraviolet radiation has a high energy content
capable of removing an electron from a suscepti-
ble molecule. Stable molecules have an even
number of electrons arranged in pairs. If a single
electron is removed by the absorption of energy
the other electron of the pair remains behind,
unpaired. A molecule with an unpaired electron
is called a free radical. It is usually so reactive
that its life span is extremely short.
The purpose of this investigation is to deter-
mine whether free radicals are produced when
the skin is irradiated with ultraviolet light. A
technic based on the magnetic properties of un-
paired electrons, Electron Spin Resonance (ESR)
Spectroscopy, was used as the detector of free
radicals.
METHOD
Human skin was examined for free radicals
using an ESR spectrometer. The skin was tested
before and after irradiation with ultraviolet light.
The tests were conducted at room temperature
and at the temperature of liquid nitrogen (77°
Kelvin).
The testing was performed by placing a rec-
tangular section of skin into the end of a quartz
tube. The tube had a 3 mm. inside diameter and
15 cm. length. To accomplish this, the tissue had
to be slightly rolled. The epidermal surface was
noted so that the tube could be properly oriented
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for irradiation. The tube containing the tissue
was then placed in the ESR spectrometer and the
determination was made. The tissue, still in the
tube, was irradiated with ultraviolet light and
repeat ESR determinations were made. This
procedure was repeated at liquid nitrogen tem-
perature by placing the tube containing the sample
into a specially constructed quartz Dewar vessel
filled with liquid nitrogen. Irradiation and ESR
determinations were then carried out in the Dewar
vessel. Control tests were run on the system prior
to the introduction of the skin specimen.
Skin: Normal human female chest skin was used
in this study. It was obtained from a tissue block
removed at the time of radical mastectomy. The
patients' ages were between 40 and 50 years. The
surface of the skin was washed with distilled
water, the fat removed, and the skin then cut into
rectangular pieces 3 X 15 mm. The section was
then quickly frozen in liquid nitrogen and kept
frozen until studied. Storage did not exceed three
days.
Light Source: A cold quartz lamp was used. It
emitted monochromatic ultraviolet light of 254
millimicron wavelength with an energy content of
approximately 100,000 ergs per square centimeter
per minute at the point of sample irradiation. The
skin actually received less energy than this due to
losses secondary to the configuration of the quartz
vessels.
ES!? Spectrometer: An X-Band spectrometer
(Varian) with microwave frequency of 9500 mega-
cycles using a 6 inch magnet was used.
RESULTS
Free radicals are not directly measured. Under
specific physical conditions created by the equip-
ment an unpaired electron will absorb energy
from a resonant magnetic field. The absorbed
energy is then measured while the magnetic field
is varied. The instrument determines the rate of
change of the measured absorbed energy and
records this information. The recorded plot is
referred to as a "signal."
No signal was obtained from the tissue before
or after irradiation at room temperature. No
signal was obtained from the tissue prior to
irradiation in the experiments performed at
liquid nitrogen temperature, but a strong signal
was obtained following irradiation. (Figure 1)
The signal was broad and not of the type subject
to characterization as to shape, hyperfine struc-
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FIG. 1. ESR signal detected from skin irradiated with ultraviolet light (wavelength 254 millimicrons)
for 6 minutes at the temperature of liquid nitrogen.
RUN CAVIT' SKIN LIGHT
(MIN)
ESR
I X 0 0
2 X 0 6 —---
3 X X 0 —--
4 X X 3 -\j--
5 X X 6 J\
FIG. 2. Schematic summary of the results ob-
tained in a single experiment performed at the
temperature of liquid nitrogen. Runs 1, 2 and 3
were controls. System was irradiated with ultra-
violet light of 254 millimicron wave length.
ture, or g value (terms used in the description of
ESR signals). This, unfortunately, is often the
case with signals obtained from biological ma-
terial. The signal indicates the presence of free
radicals. Increasing the time of irradiation in-
creased the strength of the ESR signal. The re-
sults at liquid nitrogen temperature are summa-
rized in Figure 2.
At liquid nitrogen temperatures a weak signal
was obtained from the control system of quartz
tube and Dewar vessel after prolonged irradia-
tion. This signal may be related to the quartz or
to oxygen contamination of the liquid nitrogen.
DIscussIoN
Free radicals are extremely reactive molecules.
They have been detected in many biological ma-
terials (2, 4). It is of interest now to note their
presence in skin following ultraviolet irradiation.
Their presence at liquid nitrogen temperature
and not at room temperature does not necessarily
mean that free radicals are not present at room
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temperature. The equipment is probably not
sensitive enough to detect them. In the frozen
state the radicals are "trapped" for a sufficient
time to permit detection. Szent-Gyorgyi (5) con-
siders that charge transfer reactions lead to the
production of free radicals when the reaction is
initiated by high energy photons. These photons
are available in ultraviolet light. This may be the
source of the free radicals detected in this investi-
gation.
The skin is capable of handling a certain low
level of ultraviolet irradiation without developing
a visible adverse response. This implies that a
mechanism is present for innocuously dissipating
some of the absorbed energy. If free radicals
initiate the reactions, increasing their number
will cause a greater response; this occurs when
the dose of ultraviolet is increased. The "free
radical pooi" would also be increased if a molecule
capable of forming a free radical on irradiation
was placed in the skin. It is of interest to note
that the phenothiazine drugs which are photo-
sensitizers, are converted into free radicals when
irradiated with appropriate ultraviolet light (3).
Conversely, some free radicals are destroyed in
the process of converting sulfhydryl compounds
into disulfides. Melanin has a strange property
of acting as a free radical trap. Both the sulfhy-
dryl and melanin compounds are known to pro-
tect against irradiation damage. The mechanism
of the protection may be due to this property of
effectively diminishing the free radical pool.
SUMMARY
When human skin at the temperature of liquid
nitrogen is irradiated with ultraviolet light,
(wavelength 254 millimicrons), a broad signal is
recorded on the electron spin resonance spectrom-
eter. This is interpreted as indicating the pres-
ence of free radicals.
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DISCUSSION
DR. JOHN M. KNOX, Houston, Texas: May I
compliment the presenter. This is certainly an
interesting and important contribution. To date,
no one has shown the fundamental mechanisms
involved in ultraviolet injury, either acute or
chronic. The current 'diffusible substance"
theory has little foundation in established fact.
Until someone identifies this hypothetical ma-
terial, it would probably be advantageous to stop
referring to "diffusible substance" as if its
existence were an established fact. Data of the
type presented here today is impressive because
there are other reasons to believe that the biologic
effects of ultraviolet energy may actually be more
direct than has been previously assumed.
After having my dermatological training in the
North, it was somewhat appalling to return to
Texas and suddenly recognize for the first time
the severe degenerative changes that were evident
in exposed skin of our elderly "outdoor" people.
The atrophy, telangiectasia and pigmentary
changes that these individuals manifest are very
reminiscent of those found in radiodermatitis.
Therefore, it is evident that intenAc ultraviolet
irradiation over a prolonged period of time pro-
duces cutaneous changes quite similar to those
caused by ionizing x-rays. Of course, the ultra-
violet induced degenerative phenomena are more
superficial and deep vascular changes are not
evident. A number of biochemical alterations
probably occur when tissues absorb electro-
magnetic energy of this type. The finding that
ultraviolet is capable of producing ionization
clarifies one missing link.
DR. M. A. PATHAK, Boston, Mass.: I wish to
congratulate Dr. Norms for this very interesting
presentation. There is a strong evidence that free
radicals play a significant role in the chain of
events following the primary act of absorption of
radiant, energy especially in the short ultra-violet
region. Recently I have found that free radicals
are produced in human skin and guinea-pig skin
when irradiated at 300 millimicrons under identi-
cal conditions as described by Dr. Norms. The
free radical signal is very similar to the one Dr.
Norms reported in his presentation. It rapidly
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decayed at room temperature. The free radical
signal was more pronounced in an albino skin as
compared to pigmented skin.
Secondly, I would like to ask Dr. Norms the
line widths of these signals and their stability at
temperature of liquid nitrogen and at 25° to
28° C.
DR. FAERINGTON DANIELS, Chicago, Ill.: I, too,
should like to compliment the speaker. I believe
this is the first time he has talked to this group,
and I compliment him not only on his material
but on his presentation.
I do have a question. Was the skin used "white"
skin or was there some other reason why you did
not pick up the free radical signal of melanin
itself? I am completely confused by Dr. Pathak's
statement he just made about this being more
pronounced in the "white" skin, because Dr.
Howard Mason treated hairs with ultraviolet and
reported that the signal went up in proportion to
the melanin content.
DR. ARTHUR L. NOEINS, (in closing): I thank
the discussors. I wish I could have been able to
carry out the experiments that Dr. Pathak men-
tioned. As yet, I do not know the decay charac-
teristics of this free radical. It is important, also,
to know what the action spectrum is.
In reply to Dr. Daniels, the skin was from
white patients because it happened to be avail-
able. I would expect similar results with Negro
skin with the exception that the signal might be
weaker.
I think this should be looked upon as an inter-
esting observation, further extrapolation at this
time is really unwarranted. It was nice to see
that there were free radicals.
